We calculate the correction to the propagator of two bosons up to the g 4 order in the "cross-ladder" approximation in the light front. The hierarchy of the coupled equations describe the propagator of two bosons in various cases, including the "cross-ladder" approximation. Our results show that the contribution of the pair is small and is limited to a range of bound state.
Introduction
The two body Green function in the light front includes the propagation of intermediate states with any number of particles. We start our discussion evaluating the second order correction to the coupling constant associated with the propagator. We define the matrix element for the interaction and so we obtain the correction to the Green function in the light front. Then we evaluate the correction to the Green function to the fourth order in the coupling constant, where we use the technique of factorizing the energy denominators, which is important to identify the global propagation of four bodies after the integration in the energies k − [1].
Bosons Propagation Model in the Light-Front
In this section we consider the two body Green function in the "ladder" approximation for the dynamics defined in the light front. Within this treatment, we are not going to deal with perturbative corrections that can be decomposed into one body problem. Our interest is to define in the light front the interaction between two bodies mediated by the interchange of a particle and obtain the correction to the two body Green function originated in this interaction.
where the bosons φ 1 and φ 2 have equal mass m and the intermediate boson, σ , has the mass m σ , and the coupling constant is g.
The propagation of a free particle with spin zero in four dimensional space-time is represented by the covariant Feynman propagator
where the coordinate x 0 represents the time and k 0 the energy.
The light-cone coordinates are given by x ± = 1 √ 2 (ct ± z) and x ⊥ = x 1î + x 2ĵ , such that for Lorentz transformations along z direction this implies x ⊥ = x ⊥ . Our light-front metric (+, −, 1, 2) is therefore g +− = −g 11 = −g 22 = 1. Scalar product of two vectors is then
We make the projection of the propagator for a boson in time associated to the null plane rewriting the coordinates in terms of time coordinate x + and the position coordinates (x − and x ⊥ ). With these, the momenta are given by k − , k + and k ⊥ , and the Jacobian of the transformation
is equal to 1 and k + , k ⊥ are momentum operators. Evaluating the Fourier transform, we obtain
The Green funtion in the light front G(x + ) acting in the Fock space is defined as the probability amplitude of the transition from the initial state in the Fock space |i to the final state | f . In the case of a free boson, the Green function for the propagation of a particle is defined by the operator
where
> 0 is the energy of the particle propagation, G
0 , and k − on < 0 the antiparticle propagation, G (a)
.
We can see that the difference between the Green functions in Eqs. (4) and (3) for the propagator in the light front is the absence of the imaginary (complex) number i and of the factor of phase space 2k + which appears in the denominator of Eq. (3).
